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1. RESULTS FOR INDIVIDUAL LANDING PROBABILITY CONTOURS

In an earlier study, Stewart (1974) estimated the
probability that an individual spill on the continental
shelf off of Long Island would reach Long Island as a
function of location of the spill and season. The results
of this study were contours 6f equal probability of.
individual spills landing such as those shown in Figures
1 and 2. |

Still earlier, Devanney et al. (1974), using Béyesian
techniques and historical spill data, estimated the
probability density of the number of spills over a thousand’
barrels which will occcur over the life of hypothetical
125 million barrel, 500 million barrel, and two billion
barrel recoverable finds. These estimates were made for
platform spills, for pipeline spills assuming the find is -
brought ashore by pipeline, and for tanker spills assﬁming
the find is brought ashore by tanker. The results of this
study are summarized in Figures 3 through 11l. Note thaf
the probabilities apply only to sizable spills (overAa
thdusand-barrels). -An actual find would involve hundﬁeds
to thousands of smaller spills. In general, these
smaller spills will be identifiaﬁle as slicks for at most
a day or two and hence, with typical times to shdre of ten
days or more for spills which occur twenty miles or more

offshore, have been ignored in this paper.
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Once one has for a particular spill location and season
the probability that an individual spill occurring at this
location will reach shore, s, and one has the probability
of n such spills occurring over the life of a specified
find, p(n), for all possible n from 0 on up, then an
obvious question to ask is: what is the probability, A,
that at least one spill reaches shore from a find of
specified size at a specified location over this
development’s life? If one is willing to assume that
spill occurrences are independent, then the probability
of at least one spill reaching shore, A, given p(n) and s

N
A= Y pm)(1-(@1-8M
n=_0
where N is large enough so that the probability of more
than N spills is small enough to be neglected.

MIT has constructed a little program which cbmbines

a given spill incidence density, p(n), andAa given s

according to the above expression. It is clear that for

‘a given p(n), A will be the same along any contour of

equal s in Figures 1 and 2. The program computes A for the
following seven contours: s = .01, s = .02, s = .05, s = .10,
s = .20, s = .40, s = .60. Therefore, in interpreting the °
results) it will be necessary to continually refer back to
Figures 1 and 2 to see what hypothetical spill locations
correspond to the s being analyzed. We have exercised this
program on the nine different spill incidence densities
shown }ndFiqures 3 through 11. The results are tabulated

in tPable 1.
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The numbers range from .002 for platform spills from
a 125 million barrel f£ind on a .01 contour to .982 for
tanker spills from a two billion barrel recoverable find
located on a .6 contour. In short, the probability of at
least one spill reaching shore over the life of a find
depends critically on the find's location and size. Not
surprisingly, a very large find within the .2 contour has
a high probability of at least one spill reaching shore,
while the 125 million barrel find has a good chance of
not landing a large spill even if it is located rather
close to shore.

Since any hypothetical find will involve either
platform(s) and pipeline(s) or platform(s) and tankers,
if we aésume that the occurrences of spills of different
types are independent we can transform Table 1 into Table 2,
which displays the probabilities of at least one spill
of any type reaching shore over the find's life as a function
of find size and location. 1In interpreting these

figures, several things should be kept in mind:

1. The spill incidence densities are based on the.
twin hypotheses that the mean spill incidence
rate is proportional to volume of oil produced
and that we don't ao any better with respect to
preventing large spills in the future than we
have done over the last teﬁ years. Both these
assumptions may be overly pessimistic. For

platforms and pipelines all spill data is based -
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on Gulf of Mexico experience, where small
fields by offshore standards, use of now
obsolescent technology, and probably
unnecessarily low well production limitations
combine to produce a considerably higher ratio
of wells to production and platforms to
production than we would expect to use on the
Atlantic outer continental shelf (OCS). Thus,
if number of wells or number of platforms is a
better measure of activity from the point of
view of spill incidence than volume handled,
then atileast our platform spill incidence
densities are overly pessimistié. Obviously,
any improvements in operating procedures or
technology which reduce spill likelihocods from
what they have been in the recent past will

also make our estimates overly pessimistic.

As Figures 1 and 2 indicate, the potential
drilling areas on the Georgeé Bank identified

by CEQ fall outside the .05 contour. Thus,

with respect to spills originating on the
Georges Bank, the three leftmost columns of
Tables 1 and 2 are.of most direct relevence.

As Figurg 1 indicates, the .6 contour applies
only to spills released within twenty-five miles
of Long Island during the summer and much less

than that during the winter.
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Stewart (1974) estimated the minimum time to

Long Island of spills occurring on Nantucket
Shoals and eastward was twenty days or more. All
but very large spills of medium to heavy crudes
are likely to be invisible to the naked'eye

after twenty days at sea due to weathering.
Neither Table 1 nor Table 2 accounts for
weathering and the effect that weathering will
have -in reducing the impact of the spill if and

when it does reach shore.

Not all spills need occur at the location of
the find. A pipeline spill can, of course,
occur anywhere along the pipeline, and a tanker
spill anywhere along the tanker route. The
above analysis would seem to indicate that

from the point of view of Long Island, assuming
a find on N;ntucket Shoals or eastward, the
routing of the transport system is more
critical than the location of the find. It is
possible that such transport systems could cross
relatively high probability contours.
Unfortunately, we do not have sufficient data
to estimate where along the. route |
pipeline or tanker spills are likely to occur.
What little data we do have seems to indicate,
for both modes, that spills tend to occur at

either end of che link rather than in the middle.
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For those situations in which there is a substantial
probability of at least one spill reaching shore over the
life of a find, then the number of such spills, m, becomes
of interest. Consider a two billion barrel find located on
a .05 contour landed by pipeline.* According to Table 2,
the estimate of the probability that at least one spill
reaches shore from such a find is .437. The probability

density of the number of such spills is given by

m m n m n
k n-k m-k n—-nm+k
g(m) = P (n)[ }s (1-s) p (n)[ ]s (1-s)

where pl(n) is the density of the number of pipeline spills
and pz(n) is the density of the number of platform spills.
Applying the relevant densities for the two billion barrel
find and assuming that we are on the .05 contour (s = .05),

the program's results are

TWO BILLION BARREL FIND, LANDED BY PIPELINE, .05 CONTOUR

Number of Spills Larger than 1000 bbl Probability
Which Eventually Reach Long Island of m

q (m)

.617

- .294
.075
.013
.001
.0002
.00003

om e w N P o 3

.

»

.
[§

®
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In this case, the probability that there will be at
least one spill reaching shore is about .38. This .38 is
made up of a .29 probability that exactly one spill will
reach shore, a .08 probability that exactly two spills reach
shore,.a probability of about .01 that exactly three spills
reach shore, and the probabilities of still higher numbers
of spills fall of rapidly.

The point is that for the cases toward the upper left
of Tables 1 and 2, if a spill reaches shore, it is almost
certain there will only be one such spill. For the
cases in the bottom left-hand corner of Tables 1 and 2,-it
is quite likely'that there will be more than one such
Spill. For the intermediate cases, as we illustrated
above, even if a spill does reach shore, it is likely that
there will only be one such spill, but multiple landings
are not impossible. Once again, these computations do

not account for weathering.
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2. TREATMENT OF SEASONAL VARIATIONS IN LANDING PROBABILITIES

All the results of Section 1 were predicated on the
assumption that the probability of an individual spill reach-
ing shore, s, is constant over the life of the find. Actually,
Stewart has shown, as is obvious from Figures 1 and 2, that
the probability that an individual spills will reach Long
Island from a given release point is sharply seasonally
dependent. Consider, for example, a hypothetical find
located south of Nantucket at 40°40'N and 70°00°'W. According
to Stewart, the probability that an individual spill will
reach Long Island from this point in the summer is .05,
while in ﬁhe winter it is about .0l. The spring and autumn
probabilities fall between these two numbers.

As a first approximation to this problem of seasonally
varying, landing probabilities, assume that we have a find
a£ this location. Assume further that for six months of the
year the individdal landing probability is .05 and for the
other six months it is .0l. Under these assumptions, we
desire the probability density of the number of spills which
will reach Long Island over the field's life as a function of
the size of the find. To this end, M.I.T. undertook the
following three step analysis:

1) The négative binomial densities of Devanney et al [1974]
were recomputed for the half production life of three hypothetical

find sizes: 125 MM barrels produced, 500 MM barrels, and’ 2,000

. MM barrels produced. The assumption here is thét'bélf'the‘oiL
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will be produced in the six months 'summer' and half in the
'winter'. This was done for platform spills alone, both
platform and pipeline spills combined, and both platform and
tanker spills combined. This computation resulted in the

following nine probability densities.

PROBABILITY OF n PLATFORM SPILLS OVER 1,000 BBLS IN HALF LIFE

n 250 MM BBL FIND 500 MM BBL FIND 2000 MM BBL FIND - -

0 .8675 .5738 .1304
1 .1223 .3091 .2378
2 .0096 .0925 .2407
3 .0005 .0036 .1788
4 .0006 .1086
5 .0572
6 .0270
7 .0117

PROB. OF n PLATFORM & PIPELINE SPILLS, 1000+BBLS in HALF LIFE

250 MM BBL FIND 500 MM BBL FIND 2000 MM BBL FIND

n

0 .7344 .3142 .0147
1 .2246 .3516 .0548
2 .0364 .2083 .1086
3 .0041 .0865 «1513
4 .0004 .0286 .1663
5 .0079 .1535
6 .0019 " .1238
7 .0004 . .0843
8 .0589
9 .0360
10 .0206
11 .0111
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PROB. OF n PLATFORM & TANKER SPILLS, 1000+ BBLS IN HALF LIFE

n 250 MM BBL FIND 500 MM BBL FIND 2000 MM BBL FIND
0 .6668 .1995 .0018
1 .2697 .3192 .0l1lle
2 .0550 _ . 2577 .0345
3 .0075 - 1398 .0718
4 .0008 .0575 .1130
5 .0191 .1436
6 .0053 .1535
7 .0014 .1418
8 -0003 .1156
9 .0845
10 .0561
11 .0341
12 .0192
13 .0101
14 .0049

2) Next the probability density of the number of
spills reaching Long Island in 'summer' and the density
of the number of spills reaching Long Island in the

'winter' was computed using

<O

Prob(k spills reaching) = E;Pr(n spills occur )- -nl! -sl(l S. )
shore in season i n= ing in half life k! (n-k)!

where s; was taken to be .05 for the summer six months and
set equal to .01 for the winter six months. At this point, we
are making the erroneus assumption that any pipeline and tanker

spills occur in the immediate vicinity of the find.

3) Finally, the probability density of the number of
spills reaching Long Island in the 'summer' was convolved with
the density of the number of spills reaching Long Island in
the 'wihter' to obtain the den51ty of the total number .of

spills reachlng Long Island from a flnd at 40°40 N and 70°00'

%
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for the nine different situations under analysis.
The results are shown on pages 19 through 21. These
tables are taken directly from the computer output. The

probabilities are in scientific notation. The number in

front of the E is to be multiplied by 10 raised to the

power following the E. That is, the number following the
E is the exponent. For the négative exponents in these
tables, the numbers can be read by simply mbving the
decimal point to the left m places where m is the exponent.
The above analysis is meant to be exemplary only, to
outline the steps which must be undertaken in order to
estimate the probability of a spill reaching shore from
a given site under seasonally varying landing probabilities.
An analysis of an actual f£ind would require considerably more
detail both with respect to number of 'seasons' (four instead
of two) and especially the location of pipeline and tanker

spills.
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